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In t roduct ion  
can be c i t e d .  These include:') 1) opera t ing  procedures;  2 )  f u e l  s e l e c t i o n ;  3 )  de- 
s ign  and i n s t a l l a t i o n ;  4)  combustion modi f ica t ions ;  5) new combustion procedures;  
6 )  a d d i t i v e s .  Although a d d i t i v e s  a r e  i n  use t o  some e x t e n t ,  t h e r e  is l i t t l e  evidence 
of r e l i a b l e  performance f o r  t h e  lowering of p o l l u t a n t  emissions.  

There is even less informat ion  on or understanding of  t h e  e f f e c t  o f  o i l  a d d i t i v e s  on 
l e v e l s  of NO,-emissions from o i l  d i f f u s i o n  flames.  
s i n c e  smal l  i n s t a l l a t i o n s  t h a t  burn #2 d i s t i l l a t e  f u e l  o i l  form a l a r g e  group o f  
sources  i n  urban a r e a s  which e m i t  nea r  ground l e v e l .  
burner  mod i f i ca t ions ,  new furnace  and burner des ign ,  o r  a d d i t i v e s  a r e  un l ike ly  t o  be 

t i o n  s t u d i e s  which u t i l i z e d  d smal l - sca le  atomizing burner and d i s t i l l a t e  f u e l  o i l ,  
and some i n d i c a t i o n s  of t h e  e f f e c t  o a l l i c  and nonmeta l l ic  a d d i t i v e s  on n i t r i c  
oxide emiss ions ,  which were marginal f2:'F. The r e s u l t s  of ex tens ive  eva lua t ions  of 
s e v e r a l  chemical compounds and commercial formula t ions  have been publ i shed  and it 
was concluded t h a t  none o f  t h e  compounds inves t iga t ed  showed an  e f f e c t  on he n i t r i c  
oxide l e v e l ( 4 ) .  A d e t a i l e d  review on a v a i l a b l e  d a t a  has 1,ecently appearedF5).  

The r e a c t i o n s  whereby an a d d i t i v e  might lower NO,-levels observed i n  t h e  s t ack  gases 
a r e  unknown bu t  could be b a s i c a l l y  of t h r e e  types :  
r e a c t i o n s  lead ing  t o  NO-formation; 2 )  t h e  a d d i t i v e  ca t a lyzes  NO-decomposition; 3 )  t h e  
a d d i t i v e  a f f e c t s  on ly  NOx-formation from f u e l  n i t rogen .  

Experimental 
t o  cons t ruc t  a Surner  t h a t  met t h e  requirements f o r  our l abo ra to ry  i n v e s t i g a t i o n s ,  
i.e. low t o t a l  o i l  and a i r  f low, i n  o rde r  t o  f a c i l i t a t e  t h e  f r equen t  swi tch  between 
o i l  flow f o r  b a s e l i n -  da t a  and o i l  f low f o r  i d d i t i v e  s t u d i e s .  The f i n a l  assembly of 
t h e  burner system i s  shown i n  Figure 1. De ta i l s  of  second exper imenta l  burner a r e  
shown i n  Figure 2 .  

The opera t ing  condi-Lions o f  t h e  burner  system f o r  each t e s t  were kept  cons tan t .  
flow r a t e  was ad jus t ed  t o  3.0 f 0 . 1  grsms pe r  minute;  combustion a i r  f low was 37.7 
l i t e r s  per  minute ( 5 . 1  l i ters  pe r  minute of t h i s  was primary a i r  f low) ;  a s l i g h t  ex- 
c e s s  of a i r  was used corresponding t o  0 = 0.96 ,  based on an u l t i m a t e  a n a l y s i s  of t h e  
f u e l .  The burner was s t a b i l i z e d  f o r  30 minutes o r  longer  be fo re  sampling commenced. 

The e f f ec t iveness  of  f u e l  a d d i t i v e s  was determined by measuring C02, SO2, NOx and 
flame temperature.  These measurements were compared a t  30 minute i n t e r v a l s  with and 
without a d d i t i v e  t rea tment  of f u e l  o i l .  
l i n e  back and f o r t h  from two f u e l  r e s e r v o i r s  prevented p o s s i b l e  e f f e c t s  from burner 
i n s t a b i l i t y  and t h e r e f o r e  permi t ted  accu ra t e  q u a n t i t a t i v e  assessment o f  any change as 
a r e s u l t  o f  t h e  a d d i t i v e .  

A l l  a d d i t i v e s  t e s t e d  under t h i s  s tudy  were e i t h e r  o i l - so lub le  l i q u i d s  or o i l / b  nzene- 
so lub le  powders. The a d d i t i v e s  were se l ec t ed  on t h e  b a s i s  of prev ious  s tud ie sT2a3) .  
The maximum dosage of l i q u i d  a d d i t i v e s  was 1% and was reduced success ive ly  u n t i l  no 
s i g n i f i c a n t  e f f e c t  was observed. The l i q u i d  a d d i t i v e s  were used as supp l i ed  by t h e  
manufacturer.  
troscopy and ranged from 10-45 mmoles Mn per kg o i l .  

Many techniqu  s f o r  emission r educ t ion  from o i l  f i r e d  i n s t a l l a t i o n s  

Such unders tanding  i s  o f  i h t e r e s t  

Cont ro l  techniques  o t h e r  than 

I of commercial importance f o r  t h e s e  sou rces .  We have previous ly  r epor t ed  on combus- 
I 
j 

1) t h e  a d d i t i v e  i c t e r f e r e s  w i t h  

Since sma l l  burners  were not a v a i l a b l e  commercially, it was necessary 
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I 

T h i s  simple process  of swi tch ing  t h e  f u e l  
j 

NO was measured by chemiluminescence. 

The a c t u a l  metal  conten t  was determined by a tomic  abso rp t ion  spec- 
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Resu l t s  
s i o n  r a t i o ,  de f ined  a s :  
under b a s e l i n e  c o n d i t i o n s .  P l o t s  of t h i s  r a t io  vs. t h e  (Mn)* a r e  l i n e a r  (Figure 3 ) .  
The r e s u l t s  appear  t o  b e  independent o f  t h e  system used. 

The d i f f e r e n c e  i n  t h e  s l o p e s  of t h e  MnN- and MMTC-plots i n  Figure 3 sugges t s  t h e  
ope ra t ion  of a l i g a n d  e f f e c t .  
s i n c e  o n l y  two d a t a  p o i n t s  were ob ta ined )  would tend t o  support  t h i s  conclusion.  
This obse rva t ion  makes any exp lana t ion  of t h e  effect based only on t h e  me ta l  h igh ly  
s p e c u l a t i v e .  

Flame temperature  and NO-profiles were measured i n  o r d e r  t o  ob ta in  some i n s i g h t  
i n t o  a d d i t i v e  func t ion .  
u r e s  4 and 5. 
sampling was done a t  f o u r  l e v e l s  above t h e  o r i g i n  of t h e  flame and a t  nine p o i n t s  
ac ross  t h e  flame ( i n  t w o  d i r e c t i o n s ) .  The i s o l i n e s  were drawn by l i n e a r  i n t e r p o l a -  
t i o n  o f  t h e  a c t u a l  measurements between any t w o  sampling p o i n t s .  I t  would appear  
t h a t  t h e  a d d i t i v e  s u b s t a n t i a l l y  dec reases  t h e  r a t e  of NO-formation. 

A s e r i e s  of experiments were conducted by changing t h e  oxygen index ( v o l  % 02/02 + 
N2) i n  t h e  presence of 1% manganese naphthenate (12.4 mmoles Mn/Kg o i l ) .  The d a t a  
have been compared i n  Table  1. O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  r e l a t i v e  constancy of 
t h e  NOx-emission r a t i o  (bo th  as observed and a s  co r rec t ed  t o  12.7% Cop) which in -  
d i c a t e s  t h a t  a l though t h e  NO-concentration i n  t h e  s t a c k  gases  i n c r e a s e s  over  t h ree -  
f o l d  when the  index changes from 0.21 t o  0.27, t h e  percentage r educ t ion  e f f e c t e d  by 
t h e  a d d i t i v e  remains about  t h e  same. 

Discussion The n i t r i c  ox ide  l e v e l s  p r e  
t u r e  h i s t o r y  o f  t h e  g a s e s  i n  t h e  furnace51tr19’. The fol lowing sequence i s  u s u a l l y  
considered f o r  NO-formation 

The dec rease  i n  the NOx-emissions has  been expressed i n  terms o f  an  emis- 
NO,-emission i n  t h e  presence of add;tives/NO,-emission 

The manganous ace ty l ace tona te  r e s u l t s  (not p l o t t e d ,  

Examples of t h e  i s o p l e t h s  t h a t  r e s u l t e d  a r e  shown i n  Fig- 
(These d a t a  were obtained with t h e  burner  of Figure 2 . )  As i n d i c a t e d  

ly a r e  c o n t r o l l e d  by t h e  time-tempera- 

M + 4 O 2  $ O + M  

kl 

k-l 

N 2 t 0  N + N O  

k2  

k-2 

N t 0 2  4 O t N 2  

1) 

For a s t e a d y  s t a t e  concen t r a t ion  of N-atoms t h e  r a t e  of NO-formation is g iven  by 

2 
NO - 2 kl (0) (Ng) [l - (NO) /K (N2) ( 0 2 g  

- -  
d t  1 + k-l (NO)/k2 ( 0 2 )  

If one assumes t h a t  s t e p  1 
s i m p l i f i e s  t o  

is r a t e  c o n t r o l l i n g  and k-l is  small  t h i s  expression 

where 

One p o s s i b l e  func t ion  o f  t h e  a d d i t i v e  may be competi t ion f o r  0-atoms i n  t h e  post-  
flame zone via  equat ion 3 

4 Mn t 0 - $Mn02 3 )  
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Since t h e  r educ t ion  i n  NO-concentration showed a square r o o t  dependence on t h e  Mn- 
concen t r a t ion ,  t h e  rate equat ion may be modified as fol lows ' 

* = kl K ( N 2 )  (02) 4 - k3 (Mn) 4 (0) 
d t  

. .  
Io 

4 which would p r e d i c t  t h a t  a s  K (02) 
assuming N 
t h a t  is aczua l ly  measured. 

I n  t h e  s imples t  case i n t e g r a t i o n  of II would y i e l d  

inc reases  wi th  i n c r e a s i n g  temperature  - and 
and Mnb t o  be c o n s t a n t s  - t h a t  t h e  (k -k )-term c o n t r o l s  t h e  d i f f e r e n c e  1 3  

F N O ) o  - (NO)] A = K (0,) 4 (kl ( N 2 )  - kg (Nn) 4 )t 

where ( N O ) o  = NO-concentrations measured i n  t h e  absence of a d d i t i v e ,  where (NO) 
= 0 = (Mn) 

k N O l o  - (NO)] A = NO-concentration measured i n  t h e  presence of a d d i t i v e  

t = r e s idence  t ime i n  t h e  flame at  a temperature  where above mechanism 
would predominate 
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Figure I 
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FIGURE 2 

Experimental Burner 
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FIGURE 3 

Reduction of Flue NO by M n  
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